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COMPLETE SPECIFICATION 
Process for the Catalytic Reformation of Petroleum Hydrocarbons 



We, Veb Leuna-Werke "Walter Ul- 
bricht". a nationalised Corporation organ- 
ised and existing under the laws of Eastern 
Germany, of Leuna, near Merseburg, Ger- 

5 many, do hereby declare the invention, for 
which we pray that a patent may be granted 
to us. and the method by which it is to be 
performed, to be particularly described in 
and by the following statement: — 

10 The continuing development of petrol en- 
gines for the purpose of obtaining the opti- 
mum degree of economy in use has resulted 
in continually higher compression ratios in 
these engines. This is the reason for the ever 

15 greater demands niade on the fuels burned 
in them, where non -pinking properties are 
concerned. It is particularly within this last 
decade, for example, that numerovis pro- 
cesses have been developed for the purpose 

20 of converting (that is to say, reforming) the 
chemical contents of the petrols in such a 
way as to ensure that account can be taken 
of the need for the maximum possible re- 
sistance to knocking (maximum octane num- 

25 ber). Unlike the first industrial reforming 
processes, which were carried out by purely 
thermal means without the use of catalysts, 
these methods are proving more and more 
suited to the requirements of present day 

30 engines, an object which can only be attained 
with the use of highly active catalysts. From 
among the many catalytic substances or mix- 

■ ' tures which guide the chemical conversion 
of the petroleum hydrocarbons in the de- 

85 sired direction and accelerate this pro- 
cess, such catalysts as MoOa/ALgO:!, 
Cr^OJALOa. Co-molybdate, and in recent 
times, particularly those catalysts which 
have a platinum content, have proved 

40 especially suitable. 

Metallic nickel cannot be used for such 
processes as it loosens both the C-C bond 
and the C-H bond, thus xesulting in the 
formation of carbon, hydrogen and meth- 

45 ane. Under the operating conditions re- 
[Price 3I6\ 



quired, the nickel is soon inactivated by 
products rich in olefins, even in the presence 
of hydrogen. 

Ample tests have nevertheless been made 
to use nickel as well, this being a cheaper 50 
material. At quite an early stage, for exam- 
ple, the use of nickel in the form of a sul- 
phide or oxide, alcme or mixed with 
sulphides or oxides of the heavy metals of 
the first and/ or eighth group of the 55 
Periodic System, was proposed for the hy- 
drogenation or dehy<kogenation and also 
refining of industrial petroleum hydrocarbon 
mixtures. In certain cases catalysts of this 
kind, with a nickel content, were given addi- 60 
tions of irreducible oxides, such as zir- 
conium, thwium or cerimn oxide. 

All the aforementioned catalysts, when 
used for reforming petrols, require more or 
less high hydrogen pressures, usually far 65 
above 10 atm. Furthermore, none of them 
operate in the desired direction except at 
temperatures from about 450 to over SOO^'C. 
Under these conditions it is inevitable that 
as a result of gasification some of the pro- 70 
duct to be reformed is simply lost, as far 
as its actual purpose is concerned. Some ctf 
the catalysts with 4 nickel content which 
have been produced during the last few 
years, for example a catalyst with 98% 75 
SiOa. 1% AlsOa and 1% nickel, operate 
under similarly stringent conditions. 

It has now been found, and it is the main 
characteristic of this invention, that petro- 
leum hydrocarbons can be reformed with 80 
catalysts containing metallic nickel without 
any appreciable gasification losses, if the 
catalysts employed are mixtures of metallic 
nickel and oxides of the elements of the 
second Group of the Periodic System. The 85 
process is carried out at temperatures from 
200' to 60a°C.. preferably 450" to 550**C.. 
and at atmospheric pressure or increased 
pressures up to 75 atm.. preferably up to 
50 atm. ~ 90 
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It has also been found that the most suit- 
able oxides of elements of the second Group, 
of the Periodic System are zinc oxide and 
magnesium oxide. The most advantageous 
5 quantities for adding, range from 50 to 95 
mol-%. It has been found that increased 
quantities of zinc oxide or magnesium oxide 
lead in particular, to the almost complete 
disappearance of the disintegratine tendency 
10 (leading to gasification-losses) of the metallic 
nickel and to a considerable intensification 
of the desired "reforming*' effect of the 
catalyst. 

It was surprising that the nickel-and- 
15 metallic-oxide catalysts found most suitable 
for the application on which the invention is 
based were those produced from the corre- 
sponding mixed oxalate- and/or formate- 
and/or carbonate-cxystals. It was the use of 
20 just these catalysts produced ftom the mixed 
crystals that enabled undesirable subsidiary 
reactions, such as the formation of gas. to 
be largely reduced until they were overcome 
altogether. 

25 The catalysts provided for in the invention 
can be given an addition of further carrier- 
substances, such as silicic acid, aluminium 
oxide, aluminium silicate, syntiiietic or 
natural earths, without rendering them any 

30 less effective, and these additives may if 
necessary have been treated with hydrohalic 
acid, particulariy hydrofluoric acid. 

Example 1 

35 A vertical pipe of 2 cm in diameter, with 
a perforated bottom, is given a filling of 
25.5 cm^ of a "pelleted" catalyst containing 
nickel and zinc oxide in a molecular pro- 
portion of 13:87. The catalyst was produced 

40 from the mixed carbonate powders ^ after 
"pelleting.? by decomposition: in the flow 
of hydrogen. 32 cm* of a benzine fraction 
with B.P. of lOO'^-lBO'C. together with 80 
litres of hydrogen, is passed through this 

45 catalyst every hour at 350"C. The fraction 
was taken from a reaction-mixture resulting 
from the catalytic cracking , of a petroleum 
product. This benzine contained 29.0% of 
olefins, 7.5% of aromatics, 33.0% of naph- 

SOthenes, 30.5% of aliphatics, and had an 
Octane Number of 75. 

After the catalytic thermal treatment, a 
benzine with practically unchanged boiling 
conditions is obtained, with a yield of 95.0% 

55 by weight. This benzine now only contains 
4.0% of olefins; the content in aromatics 
has increased to 21.0%, while the naph- 
thenes and aliphatics amount to 37.5% each. 
Despite the almost complete elimination of 

60 the olefins, the Octane Number has only de- 
creased (by 3 units) to 72. 

Example 2 - 
A nickel and zinc oxide catalyst, produced 
by the decomposition of the mixed oxalate 

65 crystals oi both metals at 350'C. in the flow 



of hydrogen, and having 90 mol-^. of zinc 
oxide, is placed in the^^same apparatus as 
that used in Example 1. 15 cm^ of the same 
benzine fraction, rich in oleftns. together 
with 50 litres of hydrogen, is passed through 70 
this catalyst every hour at 30O*C. 

98",. by weight of the original product is 
recuperated. The reformed benzine contains 
2.5 of olefins. 27,5 \. of aromatics, 38.0% 
of naphthenes and 32.0?^ of aliphatics. The 75 
Octane Number is 76. 

Example 3 

The original product used in Examples 1 
and 2 is freed of its olefinic hydrocarbon 
content by careful treatment with sulphuric 80 
acid. The resulting hydrocarbon mixture 
now contains l.O^v. of olefins. 10.5% of 
aromatics, 46.0% of naphthene. 42.5% of 
aliphatics and has an Octane Number of 63. 
This benzine fraction, which is practically 85 
free of olefins, is treated in the same appara- 
tus and under the same conditions and with 
the same catalyst as in Example 2. With just 
as high a yield as before, a benzine with 
the following composition is obtained : 2.0% 90 
olefins. 31.5% aromatics, 26.0% naphthenes, 
40.5%, aliphatics. The Octane Number was 
found to have increased (by 20 units) to 83. 

A comparative test which was carried out 
under exactly the same conditions, but in 95 
which pure metallic oxide (produced from 
oxalate) was used instead of the aforemen- 
tioned catalyst, resulted in the formation of 
hardly any liquid reaction product. Almost 
the whole of the original product used was 100 
decomposed into methane, this process being 
accompanied by the development of con- 
siderable heat. 

Further comparative tests, with a nickel- 
alumina catalyst and a nickel-manganese- 105 
oxide catalyst, led to the same result: 
complete decomposition into gaseous hydro- 
carbons. 

Example 4 

The operation was carried out under the 1 10 
same conditions and with the same product 
as in Example 3. The only point of differ- 
ence is that the catalyst witii a nickel con- 
tent contains magnesium oxide in place ol 
zinc oxide, in the same molecular ratio, 115 
the magnesium oxide in this case being pro- 
duced from the corresponding mixed for- 
mate crystals. With only a very slightly 
lower yield, this results in the production 
of a ben^ne with practically the same com- 120 
position as the hydrocarbons. The Octane 
Number is 80. 

Example 5 
With the use of a catalyst which, in addi- 
tion to 90 mol-% of zinc oxide (based on 125 
the quantity of nickel), also contains 16.4% 
by weight of SiOj, a benzine with an Octane 
Number of 81 is obtained after the same 
treatment as in Examples 2-4. and about 
the same yield. |qq 
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WHAT WE G^HM IS: — 

1. In a prooesflHptbe catalytic refonna- 
tion of petrcdeumn^rocarbons, if necessary 
in the presence of hydrogen, at tmp^tuies 
5 from 200** to eOO'C, and at atmospheric 
or increased pressure, characterised by the 
use of catalysts consisting oi mixtures of 
metallic nickel and oxides of the elements 
of the second Group of the Periodic System. 

10 2, Process in accordance with Claim 1, 
characterised in that the catalysts contain 
the oxides of the elements of the second 
Group of the Periodic System in quantities 
of at least 20 mol-%. preferably 50 to 95 

15 mol-%. 

3. Process in acccmlance with Claim 1 
or 2, characterised in that zinc oxide and/or 
magnesium oxide are used as the oxides of 
the elements of the second Group the 

20 Periodic System. 

4. Process for the catalytic ref(»ination of 
petroleum hydrocarbons over a Nickel/ 
Magnesium ^oxide or Nickel/zinc oxide cata- 
lyst at temperatures from 200°C. up to 

25 above 500''C. at atmospheric or increased 
pressures and if necessary in the presence 
of hydrogen. 

5. Process in accordance with Claims 1 



th^JHres: 

form^, an 



the catalysts are 
iponding mixed 30 
and/ or carbonate 



to 4, characterised 
produced from 
oxalate* and /or formS 
crystals. 

6. Process in accordance with any of the 
Claims 1 to 5. characterised in that the cata- 
lysts are given an addition of further carrier- 35 
substances* sudi as silidc add, aluminium 
oxide, aluminium, silicate, synthetic or 
natural earths, which said carrier-substances 
may have been treated with hydrohalic add. 

7. Process as daimed in Claim 6. whaiein 40 
hydrofluoric add is used. 

8. Process for the catalytic reformation 
of petroleum hydrocarbons, substantially as 
herein described. 

9. Process fcH- the catalytic reformation of 45 
petroleum hydrocarbons substantially as 
herein described in any one of the examples. . 

10. Tetrc^vaxi products when produora in 
accordance witii any one of the above 
claims. 50 

KINGS PATENT AGENCY LIMITED. 
By B. T. King. A.I.Mech£., Director, 
Registered Patent Agent. 
146a. Queen Victoria Street, London, E.C.4. 
Agents for the Applicants. 
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